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ABSTRACT 

We study three prominent bi-modal X-ray clusters: A3528, A1750 and A3395. Using observations 
taken with ROSAT and ASCA, we analyze the temperature and surface brightness distributions. We 
also analyze the velocity distributions of the three clusters using new measurements supplemented with 
previously published data. We examine both the overall cluster properties, as well as the two sub-cluster 
elements in each. These results are then applied to the determination of the overall cluster masses, and 
demonstrate excellent consistency between the various methods used. While the characteristic param- 
eters of the sub-clusters are typical of isolated objects, our temperature results for the regions between 
the two sub-clusters clearly confirm the presence of merger activity. These three clusters represent a 
progression of equal-sized sub-cluster mergers, starting from initial contact to immediately before first 
core passage. 

Subject headings: galaxies: clusters: individual (A1750, A3395, A3528, SC0627-54) — galaxies:ICM — 
X-rays: galaxies 



chaudury et al. 1991, Henriksen and Jones 1996). All three 
exhibit two clearly separated peaks of emission in X-rays, 
and varying degrees of distortion in their X-ray surface 
brightness suggesting a progressive sequence of merging. 

We used X-ray data from the ROSAT and ASCA satel- 
lites to characterize the emission profile of the gas as well 
as to map the distribution of temperatures and fit spe- 
cific regions of interest with typical spectral models. We 
also analyzed optical velocity measurements to study the 
internal kinematics and overall dynamics of each cluster. 

In Section ^ we discuss the data, its reduction and 
present the basic results of our work. Section ^ gives es- 
timates of the masses determined from fitting the emis- 
sion intensity profile, the X-ray luminosity and a virial 
estimate based on the velocities of the galaxies. Finally, 
we discuss the implications of our results in Sections [J 
and 1^ respectively. Throughout the paper we assumed 
Ho = 65 km s~^ Mpc~^, and the error bars quoted on all 
results are at the 1 a level. 

2. OBSERVATIONS & METHODS 

AU three clusters- A3528, A1750, and A3395- were ob- 
served using both ROSAT and ASCA. Data were obtained 
from the HEASARC public archives and the details of the 
observations are given in Table n^. Using the broad energy 
response of ASCA (0.5-10.0 keV), these observations were 
used to accurately measure the gas temperatures and dis- 
tributions in these clusters. The significantly better spatial 
resolution of ROSAT was used to determine the cluster 
surface brightness distribution, while ROSAT spectra of 
the central regions provided a diagnostic for the presence 
of cool gas. 

We also compiled a list of velocities and positions of 
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1. INTRODUCTION 

Optical and X-ray studies (e.g. Forman et al. 1981; 
Geller & Beers 1982; Jones & Forman 1984; Dressier & 
Shectman 1988; Mohr et al. 1995; Bird 1994; Slezak et 
al. 1994) have shown that galaxy clusters are dynami- 
cally evolving systems, exhibiting a variety of substruc- 
ture and asymmetric morphologies. The high frequency 
of substructure- ~ 40% (Forman & Jones 1990)- suggests 
that clusters are still forming hierarchically through the 
merger and accretion of subclusters and galaxy groups. 
While the prevalence of substructure has primarily been 
used to constrain cosmologies (Richstone, Loeb, & Turner 
1992; Mohr et al. 1995), detailed studies of merging clus- 
ters impact a number of important areas including cooling 
flow formation and evolution, galaxy evolution, and grav- 
itational mass measurements. 

Temperature maps of the X-ray emitting gas are an es- 
pecially sensitive tool for the detection of dynamic activity. 
Hydrodynamic simulations indicate that mergers should 
produce characteristic temperature patterns that survive 
4-6 times longer than perturbations in the gas density (e.g. 
Schindler & Miiller 1993; Ricker 1997). Recent observa- 
tions (e.g. Henry & Briel 1995; Henriksen & Markevitch 
1996; Markevitch et al. 1996a, 1998; Donnelly et al. 1998, 
Markevitch et al. 2000) have found just such characteristic 
temperature structures in a variety of clusters. In partic- 
ular, in the earliest stages of a merger, simulations show 
the development of a shock located between the two sub- 
clusters and significant heating of the local ICM (Evrard 
1990a and b; Schindler & Miiller 1993). 

Abell 3528, Abell 1750 and Abell 3395 are known as 
canonical binary galaxy clusters (Forman et al. 1981, Ray- 
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galaxies belonging to the three clusters using new data, 
supplemented with previously measured redshifts available 
from the literature. Using this data we analyzed the mean 
velocities and dispersions of the three clusters as well as 
sub-samples selected based on the X-ray emission. These 
results were then used to estimate the virial masses of the 
merging sub-clusters as well as a comparison to the X-ray 
results. 

2.1. ASCA GIS 

The ASCA GIS observations were "cleaned" using stan- 
dard processing tools (Arnaud 1993) with a conservative 
version of the filtering criteria (ABC Guide^). The data 
from both GIS detectors was combined in our final anal- 
ysis, while the SIS detectors, with their smaller field of 
view, were not used for this study. 

To correctly characterize the temperature distribution 
of these extended sources, a correction for the energy de- 
pendent PSF must be applied (Takahashi et al. 1995). We 
employed a method developed by Churazov and Gilfanov 
(Churazov et al. 1996, hereafter the CG method), and 
used previously on other clusters (Donnelly et al. 1998, 
Donnelly et al. 1999, Churazov et al. 1999, and Hen- 
ricksen et al. 2000). This method first explicitly corrects 
the core (r < 6') PSF, then approximates the PSF of the 
wings via a Monte-Carlo simulation. The temperature is 
then fit in each 15" pixel using a linear combination of 
two fiducial single temperature spectra and smoothed at 
the resolution scale of the telescope (~ 5') to reduce noise. 
As shown for A1367 (Donnelly et al. 1998) the results of 
this method are fully consistent with those found using the 
method presented by Markevitch et al. (1996 and 1998). 

Applying this method to each of our three clusters, we 
fit a Raymond-Smith model to the emission from the entire 
cluster to derive a global gas temperature {Tasca}- The 
results are given in Table |[ However, the CG method also 
allowed us to generate two dimensional continuous maps 
of the gas temperature distributions within the clusters. 
These temperature maps are shown in Figures |l|-^ (top 
left). 

Finally, we also used the CG method to define discrete 
regions on each cluster and fit the temperature within each 
region, as shown in Figures |^||. In each cluster we defined 
a region around the core of each sub-cluster, two regions 
to the "outside" - i.e. away from the other sub-component, 
and a region between the two subclusters. The fit temper- 
atures, with the associated uncertainties, for these regions 
are shown in the bottom left of Figures |^||. 

2.2. ROSAT PSPC 

The ROSAT Y"SPC data were reduced using the stan- 
dard procedures outhned by Snowden (1994; see also 
Snowden et al. 1994). By combining only the data from 
bands 4 through 7 (0.44-2.04 keV), we excluded the lowest 
energies, that generally have higher X-ray background. 

For each of the six sub-clusters in the sample, we gen- 
erated radial surface brightness profiles in 1' annuli cen- 
tered on the peak emission for each sub-component. The 
annuli extended from 0' to 45' and, to minimize con- 
tamination of the intensity profile, we excluded the az- 
imuthal half of the profile toward each sub-component's 



partner. We then measured the average surface bright- 
ness (cts s~^ arcmin"^) in each annulus and fit the resul- 
tant surface brightness profile with a standard hydrostatic, 
isothermal /3-model: 
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(Cavaliere & Fusco-Femiano 1976). The backgrounds were 
fit by including a constant component in our models. 
For A1750 and A3395 the backgrounds fell in the range 
2.08 — 2.80 X lO^'' cts s~^ arcmin^^, consistent with typi- 
cal PSPC backgrounds. For both clusters the errors for the 
two sub-clusters were consistent with single constant back- 
grounds. A3528 lies near the edge of its ROSAT b:a.me (an 
AGN is actually the target of this observation). We used 
a nearby region of sky to determine the background and 
found a count rate of 2.43 x 10"'* cts s~^ arcmin"^ that 
was included in our fits for this cluster. The bolometric 
luminosity for each sub-cluster was also calculated using 
the same regions. The global fit results and luminosities 
are given in Table ^. 

To search for evidence of the presence of cool gas within 
the cores, we also extracted i?0S'j4r spectra from the cen- 
tral 2' of each sub-cluster. Using XSPEC to fit a single 
temperature Raymond-Smith model to the data, we con- 
firmed the presence of cool gas in the NE sub-cluster of 
A1750 (T = 1.9j:Jj keV) and both subclusters in A3528 
[TsE = 2.lt°:^ keV and Tnw = 2.31^ j keV). 

2.3. OPTICAL SPECTROSCOPY 

A3395 was observed with the ARGUS fiber spectro- 
graph at the CTIO 4m telescope, and with the Shec- 
tograph detector at the 100" DuPont telescope at the 
Las Campanas Observatory(LCO). The Shectograph/100" 
combination at LCD also was used for all of the spectro- 
scopic observations of A1750. Specifics of the instrumental 
set ups, observing details, reduction and calibration pro- 
cedures, as well as an evaluation and discussion of inter- 
nal and external errors, are given in Quintana & Ramirez 
(1990). For A3528 the data were drawn from the work by 
Quintana et al. (2000) on the Shapley Supercluster. The 
interested reader is directed to that work for a complete 
discussion of the instrumental configuration. 

Velocity determinations were carried out using both a 
cross-correlation technique and by identifying and fitting 
line profiles. All reductions were performed using the 
LONGSLIT, ONEDSPEC and RVSAO packages in IRAF. 
No systematic internal errors or zero point corrections 
were found. Typical uncertainties for individual spectra 
were 30-40 km s^^ using the line fitting method. Cross- 
correlation was applied following the procedures described 
in Quintana, Ramirez, & Way 1995 (QRW95) using 8 tem- 
plates. In this case the errors were somewhat higher (40- 
50 km s~^) compared to the line fitting method. There 
was no velocity offset between the methods, and the cross- 
correlation was not applied to spectra with emission lines. 

We expect some systematic shifts between velocities for 
A3395 derived from the two different instrument/telescope 
configurations (LCO 2.5m and CTIO 4m). We confirmed 
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this on a wider data sample, as discussed in QRW95. Fol- 
lowing the discussion there, for the present set, we com- 
bined velocities after correcting for a 50 km s^^ shift be- 
tween ARGUS and Shectograph data. 

For all three clusters we excluded a small number of ob- 
jects with obviously discrepant velocities (i.e. a velocity 
more than 5,000 km s~^ greater or lesser than the peak 
of the cluster distribution). In the case of A3528 this in- 
cluded 18 objects centered around 23,000 km s^^. These 
objects are scattered around the field and may represent 
a background group. 

The data for all three clusters also were supplemented by 
redshifts available through the NASA/IPAC Extragalactic 
Database (NED). For A3528 four velocities were drawn 
from Katgert et al. (1998), although, no attempt at a de- 
termination of a systematic offset was attempted due to 
the small sample size. The full listing is given in Table 0. 

The NED data for A175G are from Beers et al. (1991) 
which shares 26 galaxies with our new data (67 galaxies). 
From a comparison of the velocities of these common ob- 
jects, we find that our velocities are systematically larger 
by 69 km s~^. In order to have all of our data in a self- 
consistent frame, we have applied this offset to the NED 
data and the offset values are listed in Table ^. 

Similarly for A3395, we have 54 Shectograph velocities 
in common with Tcague, Carter & Gray (1990, TGG90) 
with a systematic offset of 82 kms""'^. In the case of the 
ARGUS data, there are 24 velocities in common with 
TCG90 and our velocities are larger by 133 kms~^. Both 
offsets were applied to the NED data and final velocities 
are listed in Table |. There are two galaxies observed with 
ARGUS and published in TCG90 with large discrepant ve- 
locities, both with a TCG90 R value below ~2.5, that we 
included in the cluster redshift, contrary to TCG90 who 
believe them to be background galaxies. 

When galaxies had more than one velocity, we adopted 
as the final value the weighted mean velocity and the asso- 
ciated uncertainty. Weighting factors came from the pub- 
lished uncertainties combined with our internal uncertain- 
ties. More details about this procedure are extensively 
discussed in QRW95. 

Using the statistical prescriptions described in Beers et 
al. (1990) we determined the "mean" velocity for each of 
our three clusters (see Tables || and ^ . We find generally 
excellent agreement with previous results (Abell, Corwin, 
& Olowin 1989, Struble & Rood 1999). One exception 
is that for A3528. Our results give a "mean" velocity 
more than 500 km s^^ larger than that found by Stru- 
ble & Rood (1999), but which is more consistent with the 
values found previously for this cluster by Abell, Corwin, 
& Olowin (1989) and Katgert et al. (1996). 

The positions of the galaxies are shown with the X-ray 
intensity isophotes from ROSAT overlaid in Figures |l|-||. 
We expanded the field of view from that shown for the 
temperature maps to include all of the galaxies that ap- 
pear to be members of each cluster. Galaxies with lower 
velocities than our "mean" cluster velocity are shown in 
blue while those with higher velocities are shown in red. 
A velocity histogram for each cluster is also presented. 

We note that A3395 has a high velocity bump in its 
distribution. These objects are shown in Figure || as open 
circles. While they are localized in velocity space, they are 
distributed very widely across the field of view. This sug- 



gests that it is unlikely that they are a background group, 
and thus they have simply been included in the overall 
sample. 

3. RESULTS AND ANALYSIS 

3.1. MASSES 

We first estimated the mass of the X-ray emitting gas 
by using the luminosities for the sub-clusters determined 
from the .RO^^T' data and solving for the central density 
(given in Table ||), 

27rneni/Aorj? 
L{r) = — Tz , X 
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(David et al. (1990). The gas density distribution is then 
integrated to the radius of interest. 
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Gas masses within 0.5 and 1.0 Mpc are given in Table 0. 

We estimated the total mass of each sub-cluster assum- 
ing spherical symmetry, hydrostatic equilibrium and using 
our fit values for the core radii and /?'s. With these as- 
sumptions the mass contained within a radius r is. 



M(< r) = ( d^oSPsir) ^ dlogT{r) ^ ^ 

jimpG \ dXogr dXogr 



(4) 



Markevitch et al. (1998, 1999) found that the tempera- 
ture profiles of galaxy clusters are well approximated by a 
polytropic equation of the form. 



Tex (l + r2)-i/'(^-i) 



(5) 



where 7 ~ 1.24. Using this function for the temperature. 
Equation |^ reduces to 



M(r) - 3.70 X lOi^Mo— T(r)r^^ 



(6) 



where T{r)- derived from the fit temperature in the core 
of each sub-cluster- and r are measured in keV and Mpc 
respectively. However, recent work (Arnaud et al. 2001) 
done with data taken from XMM suggests that clusters 
are actually isothermal. If this is the case then our esti- 
mates of the total mass are too high by a factor of 1.24. 
Table gives the results for both the non-isothermal and 
isothermal total masses. We have also included the total 
(non- isothermal) mass within 0.5 Mpc for comparison with 
the gas mass at the same radius. 

Evrard et al. (1996) suggested that cluster scaling rela- 
tions also provide reliable estimates of the mass. A volume 
with an overdensity of 5c has a total mass of 



M(r <rsj = Sc-TTpcrztrs^ 



(7) 
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Inverting the scaling relation between radius and temper- 
ature (Mohr et al. 2000), 



(ScPcrit)^ 



to solve for (5c, we find that 



M{r < ra J = -iraTrg^ 



(8) 



(9) 



For comparison we calculate the mass contained within 
1 Mpc. Taking the result from Mohr et al.(2000) that 
'"200 = Mpc for a 10 keV cluster in our cosmology. 

Equation ^then reduces to 



M(r < 1 Mpc) = 9.30 x 10^ 



T 



lOkeV 



Mq. (10) 



The masses within 1 Mpc for each subclustcr usingthc fit 
temperature from the core can be found in Table R. Our 
results using the scaling relation are generally consistent 
with those derived from the luminosity and intensity pro- 
files. 

The cluster velocity distributions also demonstrate typ- 
ical dispersions with scales of order 1000 km s""'^. Again 
employing the statistical methods of Beers et al. (1990), 
we examined the characteristics of velocity distributions of 
each core. In order to isolate each sub-cluster in our anal- 
ysis we selected only galaxies that lay within a projected 
radius of 0.5 Mpc of each sub-cluster center. Table O gives 
the details of the velocity distributions and is consistent 
with typical sub-cluster sized systems. 

Two circles indicate the radial extent of the two differ- 
ent subcluster core elements the surface distribution maps 
of the galaxies in Figures 0, I and |. The velocity his- 
tograms of the two core samples in each cluster have been 
color coded to the circles and shown along with the over- 
all velocity histograms. For A3395 the two cores are in 
such close proximity that the 0.5 Mpc circles overlap and 
there are nine objects in common. The measured disper- 
sions reported in Table || for the two sub-samples in A3395 
were performed both including and excluding the disputed 
objects. These objects were excluded from the sub-clump 
velocity histograms with the number of disputed galaxies 
in each bin indicated above that bin. 

Following the approach outlined by Beers, Geller and 
Huchra (1982), we estimated the entire total mass of each 
sub-cluster using virial techniques. Assuming that they 
are bound and the velocity dispersions are isotropic, the 
total mass of each sub-cluster is 



37r 2 

Ivlvirial — 



1 



(11) 



where ar is the velocity dispersion along the line of sight 
and ( J- ) is the harmonic mean projected separation on 



the sky. The masses and values for ^7-^ are given m 

Tables |^ and ^ respectively. We note that while the ra- 
dial restriction of the galaxy sample should not affect the 
determination of the velocity dispersion, it may lead to a 
small underestimate of the mean harmonic radius and thus 



also the calculated virial masses. Except for the southeast 
element of A3528, all of the results are in good agreement 
with the determination from the X-ray data of the inte- 
grated total mass within 1 Mpc. 

For the southeast clump of A3528, whose optically de- 
termined virial mass is twice the X-ray derived total mass, 
we note that the velocity distribution for this sub-clump 
has a very extended tail with two galaxies having rather 
large relative velocities ((5V = 1069 and 1554km s^^) com- 
pared to the mean sub-clump velocity. If these two galaxies 
are excluded from the velocity calculations for the south- 
eastern clump, the dispersion drops from 930 km s~^ to 
513 km s~^. While the average projected distance in- 
creases slightly with this exclusion, the overall effect is 
to reduce the estimated virial mass by nearly a factor of 
three, which brings it into much better agreement with the 
total mass within 1 Mpc. 

Our results for the total cluster masses are in good 
agreement with a similar study done by Henriksen and 
Jones (1996) on A3395 and A3528 using ROSAT and a 
more limited set of galaxy velocities. We note that appar- 
ent differences in the X-ray luminosities between the two 
analysis are due the choice of presenting a bolometric (this 
work) versus the i? 05"^ T" luminosity. 

4. DISCUSSION 

Our data suggest that these three clusters represent pro- 
gressive stages of first time merger events prior to first core 
passage. A3528, with its very azimuthally symmetric in- 
tensity isophotes appears to be at the earliest stage, when 
gas in the outer halos of the sub-clumps is just beginning 
to interact. In A1750, the effects of the merger have be- 
gun to distort the intensity isophotes, while A3395 with 
its clearly disrupted intensity distribution appears to be 
nearly at first core passage. 

Other than their merger state, all three clusters appear 
to be generally normal. They all have gas mass fractions 
of - 5% at 0.5 and ~ 8% at 1.0 Mpc, and their fit (3 
values and core radii (Table ||) are typical for galaxy clus- 
ters (Jones & Forman 1984, Jones & Forman 1999, and 
Vikhlinin et al. 1999). 

The temperature maps of all three clusters have elevated 
gas temperatures in the region between the two emission 
peaks. For all three, the deviation from the overall mean 
temperature is significant at the 90% confidence level. We 
note that the heated gas does not have a significant impact 
on the global fit temperature for each cluster because of 
its significantly smaller contributions to the overall inten- 
sities. 

In A3528 the deviation between the merger region (re- 
gion 3 for all three clusters) and the other regions is the 
least pronounced and could still be consistent with a uni- 
form temperature throughout the entire cluster- excepting 
the far northeastern side where the temperature is espe- 
cially low. 

We find a similar result for the temperature data from 
A1750, although the temperature of the merger region 
is inconsistent with the temperature of the southwestern 
core. This suggests that a shock region is developing in 
the gas, as it is compressed between the two sub-clusters. 

Finally, A3395 clearly demonstrates the compression 
and concomitant heating of the gas that would be expected 
in merger events similar to those modeled by Roettiger, 
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Burns & Loken (1996; see also Roettiger, Loken & Bums 
1997) and Norman & Bryan (1999). 

The spectral analysis of the ROSAT data in the sub- 
cluster cores indicates that cool gas is still present in both 
core elements in A3528 and the northeastern clump of 
A1750 but not in the other cores. This is consistent with 
a scenario where the gas within the core is heated as the 
merger process proceeds. 

Since only A3395 shows significantly higher gas tem- 
peratures between the sub-clusters, which we interpret as 
being due to the merger of these sub-clusters, we tested 
whether or not the systems were bound by examining the 
overall dynamics of these clusters. A bound system must 
necessarily fulfill the simple Newtonian energy considera- 
tion: 

V^Rp < 2GM sin^ a cos a, (12) 

where Vr is the observed relative radial velocity, Rp is the 
projected separation of the two sub-clusters, M is the sum 
of the masses of the two sub-clumps (i.e. the entire sys- 
tem) and a is the projection angle from the plane of the 
sky. Plots for all three clusters are presented in Figure H. 

The dashed line separates the bound configurations (to 
the left) from the unbound configurations. We included 
our measurement of the relative velocity as a solid vertical 
line with a one sigma confidence region marked by cross- 
hashings. From Figure ^ it is clear that every reasonable 
configuration for both A3528 and A3395 indicates that the 
systems are bound. 

For A1750 the dynamical analysis is less conclusive. 
This is in contrast to similar previous work on this cluster 
by Beers et al. (1991). While our mass for this cluster is 
only slightly smaller than their "doubled" mass simulation 
(6.1 vs 6.8 xlO"^'* M0), the larger Rp, implied by our cos- 
mology, and the increase in Vr , from our improved velocity 
sample decrease the likelihood that the system is bound. 
However, we note that A1750 has two other components 
to the system (Beers et al. 1991, Einasto et al. 1997, 
Jones & Forman 1999) whose mass had not been included 
in our simple model. The inclusion of these masses would 
certainly strongly increase the likelihood that a purely dy- 
namical analysis would find the system to be bound. 

5. SUMMARY 

Using observations from ROSAT and ASCA, we devel- 
oped temperature and density distributions for the hot X- 
ray emitting gas in three binary galaxy clusters: A3528, 
1750 and 3395. 

We find that the values for f3, Rc and the luminosities, 
as well as the masses derived from these parameters, are 
typical of single clusters. For A3528 and A1750 this is not 
particularly surprising, given that the bulk of the photons 
which determine the fit are derived from the core regions 
which in general are much less distorted than the outer 
isophotes. However, it is interesting that A3395 which is 
clearly strongly distorted, still maintains an intensity pro- 
file typical of relaxed unperturbed clusters. 

Using new velocity data, supplemented with measure- 
ments from the literature for each cluster, we generated 
estimates of the mean velocities for the sub-clusters as 
well as for the overall cluster, estimates of the dispersions 
(the "scale" of the distributions) and velocity histograms. 



Two of the clusters (A3528 and A3395) show no signif- 
icant differences in the velocities of the subclusters and 
thus the in-fall appears to be nearly in the plane of the 
sky. For A1750 the velocity difference of the subclusters is 
1335 km s^^, suggesting that the merger lies more along 
the line of sight. The masses estimated using the virial 
method are consistent with the X-ray derived masses. 

We also produced an analysis of their orbital dynam- 
ics from simple Newtonian energy considerations and find 
that A3528 and A3395 are nearly certainly bound to each 
other. The results for A1750 are less conclusive, however 
as we note there are several nearby additional mass com- 
ponents that are not included in our estimates of the total 
mass but which are likely part of the same structure and 
would strongly increase the probability that the system is 
bound. 

The temperature results indicate some heating of the 
intra-cluster gas, consistent with the level of disruption of 
the surface brightness distributions. The most prominent 
feature is the heating of the gas located between the sub- 
clusters of each binary. In addition, the absence of cool gas 
in the cores of three of the subclusters (both parts of A3395 
and the southwest element of A1750) may have resulted 
from the disruption of the cooling flow by the merger. 

Our observations suggest that A3528 is in the early 
stages of a merger, where the gas in both sub-clusters is 
only just beginning to interact. Both cores show evidence 
of cool gas, and the intensity contours are still azimuthally 
symmetric. The temperature of the gas located between 
the sub-clusters is marginally hotter (^ 15%) than the 
overall average for the cluster. 

A1750 is slightly further along in the merging process. 
One of the sub-clusters retains cool gas in the core, but 
the other most likely does not. There is some elongation 
of the intensity isophotes and the gas between the cores 
shows significant heating to 30% above the overall av- 
erage. 

Finally, A3395 is nearly at first core passage. Neither 
core shows evidence for cool gas, the intensity isophotes are 
highly disrupted and the temperature distribution clearly 
shows that the gas between the two sub-clusters has been 
heated ^ 30% above the overall average. 

Taken together these three binary clusters present a se- 
quence of views of a typical merger event in a galaxy clus- 
ter. More detailed spectroscopic studies with CHANDRA 
and XMM will provide details of the merging process and 
its effects on both the intra-cluster medium and the resi- 
dent galaxies. 
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Table 1 
Observational Data 



Cluster 


a 

(J2000) 


5 

(J2000) 




ROSAT 






ASCA 




Sequence # 


Date 


Live Time 
(kscc) 


Sequence # 


Date 


On Time 
(kscc) 


A3528 


12:54:29 


-29:07:00 


300093 


7/16/96 


15.0 


84057000 


1/15/96 


18.9 


A1750 


13:31:00 


-1:47:18 


800553 


7/01/93 


12.7 


81010000 


1/27/94 


33.5 


A3395 


6:27:03 


-54:08:48 


800079 


7/16/91 


2.6 


82033000 


2/14/95 


31.1 



Table 2 
Cluster Properties 



Cluster 


z 


(10*^ ergs s-i) 


Tasca 
(keV) 




(Mpc) 


ne(0) 
(10-3 cm-3) 


(Mpc) 


A3528 SE 
A3528 NW 


0.0545 


1.78 
1.26 


4.7 ±0.3 


"•^^-0.01 



u.oy_Q 04 


^•^^-0.02 
U.i'i_o,02 


3.12 
2.86 


0.35(0.39)^ 
0.22 


A1750 NE 
A1750 SW 


0.0855 


1.08 
1.48 


3.6 ±0.2 


^■3^-0.03 
U.DO_o.o4 


n 1 7+0.04 
"•J^'-0.02 

n oc!+0 04 

'-'•^'5-0.02 


1.75 
2.02 


0.20 
0.22 


A3395 NE 
A3395 SW 


0.0506 


1.29 
1.39 


4.5 ±0.2 


o.eatHs 

0.60i°;i 


0.28l°:l« 


1.19 
1.22 


0.23 
0.28 



'^Luminosities are bolometric values from ROSAT data within 1 Mpc of each sub-cluster core. 
^The parenthetical value excludes the two galaxies with highly discrepant velocities. 
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Table 3 
Abell 3528 Velocities 



a 

(J2000) 


5 

(J2000) 


V 

(km s-i) 


Reference i 


a 

(J2000) 


5 

(J2000) 


V 

(km s-i) 


Reference 


12:52:37.8 


-28:54:47 


16052 ± 50 


1 


12:54:35.7 


-29:06:38 


16254 ± 60 


1 


12:53:15.9 


-29:19:04 


16403 ± 50 


1 


12:54:38.4 


-28:58:56 


17101 ±50 


1 


12:53:26.1 


-28:54:11 


16336 ±61 


1 


12:54:39.8 


-28:56:32 


15759 ±51 


1 


12:53:31.2 


-29:27:18 


15201 ±61 


1 


12:54:39.8 


-29:27:33 


15045 ± 59 


1 


12:53:40.6 


-28:48:58 


16633 ± 132 


1 


12:54:40.5 


-29:01:49 


15827 ±50 


2,3 


12:53:45.6 


-29:02:53 


14872 ± 48 


2 


12:54:41.0 


-28:53:00 


16432 ± 50 


1 


12:53:52.0 


-28:36:15 


14791 ± 50 


1 


12:54:41.0 


-29:13:37 


16783 ± 123 


1 


12:53:54.6 


-28:34:04 


14671 ± 50 


1 


12:54:42.5 


-29:01:00 


22737 ±50 


1 


12:53:58.2 


-29:31:09 


17631 ± 52 


1 


12:54:43.1 


-28:52:16 


16237 ±50 


1 


12:54:00.8 


-28:44:07 


16680 ± 50 


1 


12:54:48.6 


-29:12:00 


15824 ± 79 


1 


12:54:01.6 


-28:30:00 


16528 ± 50 


1 


12:54:49.2 


-29:09:54 


17260 ±70 


1 


12:54:03.9 


-29:04:22 


17303 ± 50 


1 


12:54:50.7 


-28:41:47 


14560 ± 50 


1 


12:54:10.6 


-29:10:41 


17177 ±50 


1 


12:54:52.2 


-29:16:16 


14486 ± 50 


1 


12:54:11.3 


-29:01:46 


16622 ± 50 


1 


12:54:52.4 


-28:43:17 


16986 ± 73 


1 


12:54:12.1 


-29:09:22 


15894 ± 50 


1 


12:54:53.2 


-28:31:58 


15426 ± 50 


1 


12:54:14.3 


-28:59:16 


16784 ± 50 


1 


12:54:53.9 


-29:00:46 


16174 ± 70 


1 


12:54:15.6 


-29:00:19 


15437 ±86 


1 


12:54:55.3 


-29:30:11 


16329 ± 137 


1 


12:54:16.3 


-28:45:23 


15548 ± 50 


1 


12:54:56.2 


-28:55:40 


15926 ± 50 


1 


12:54:16.9 


-29:01:16 


15119 ±50 


1 


12:54:56.4 


-29:06:28 


13816 ±100 


1 


12:54:17.6 


-29:00:47 


16186 ± 113 


1 


12:55:04.3 


-29:15:56 


17007 ±57 




12:54:18.9 


-29:18:11 


16083 ± 54 


2 


12:55:18.6 


-29:12:04 


16866 ± 68 




12:54:20.5 


-29:04:10 


16287 ±50 


1 


12:55:19.7 


-29:17:20 


16476 ± 54 




12:54:21.5 


-29:13:23 


16834 ± 50 


1 


12:55:21.0 


-28:57:01 


15834 ± 65 




12:54:22.2 


-29:00:45 


16219 ±50 


1 


12:55:27.6 


-28:47:50 


17487 ±51 




12:54:22.9 


-29:04:17 


17391 ± 71 


1 


12:55:29.6 


-28:45:35 


17367 ± 109 




12:54:23.3 


-29:01:05 


16353 ±63 


3 


12:55:33.0 


-28:48:52 


17740 ± 69 




12:54:23.5 


-29:10:02 


16530 ±50 


1 


12:55:40.2 


-28:34:33 


17073 ± 50 




12:54:24.7 


-28:59:36 


16914 ± 50 


1 


12:55:43.6 


-29:24:41 


18479 ± 94 




12:54:25.3 


-28:58:24 


14664 ± 50 


1 


12:55:44.8 


-29:01:11 


16810 ±50 




12:54:26.7 


-28:57:20 


15720 ±50 


1 


12:55:50.8 


-28:45:16 


16298 ±50 




12:54:28.1 


-28:57:42 


14122 ± 50 


1 


12:55:57.5 


-29:17:58 


16757 ±57 




12:54:28.1 


-29:00:42 


13413 ± 260 


1 


12:56:13.0 


-29:13:44 


16825 ±118 




12:54:28.8 


-29:17:31 


14971 ± 63 


1 


12:56:20.9 


-28:59:14 


17885 ± 54 




12:54:31.5 


-28:55:18 


16790 ± 50 


1 


12:56:24.9 


-29:12:59 


16963 ± 50 




12:54:35.3 


-29:04:41 


16217 ±55 


1 


12:56:27.6 


-29:08:54 


17825 ± 79 




12:54:35.4 


-29:00:39 


14713 ± 50 


1 


12:56:27.9 


-29:08:55 


17719 ±50 





References. — (l)Quintana et al. 2000; (2)Katgert et al. 1998 ; (3)Quintana et al. 1995 
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Merging Binary Clusters 



Table 4 

Abell 1750 Velocities 



a 

(J2000) 


5 

(J2000) 


V 

(km s-i) 


Reference 


a 

(J2000) 


5 

(J2000) 


V 

(km s~^) 


Reference 


13:30:15.2 


-1:31:09 


27131 ±28 


1 


13:30:57.4 


-1:44:31 


22939 ± 20 


1,2 


13:30:18.4 


-2:00:48 


26145 ±23 


1,2 


13:30:58.2 


-1:51:13 


25413 ±50 


1 


13:30:18.7 


-1:32:44 


24826 ± 22 


1 


13:30:59.8 


-1:43:36 


24780 ± 40 


1,2 


13:30:32.3 


-1:47:36 


26297 ±28 


1 


13:31:01.2 


-1:50:52 


26012 ± 30 


1,2 


13:30:32.9 


-1:39:35 


25171 ±35 


1 


13:31:04.7 


-1:38:04 


24665 ± 33 


1 


13:30:34.4 


-1:47:45 


25034 ± 34 


1 


13:31:06.1 


-1:40:48 


25184 ±30 


1,2 


13:30:34.5 


-1:48:27 


26354 ± 100 


2 


13:31:06.4 


-1:44:14 


24400 ± 50 


2 


13:30:35.1 


-1:49:05 


24543 ± 36 


1 


13:31:09.7 


-1:44:45 


25229 ±50 


2 


13:30:36.8 


-1:53:04 


25951 ± 23 


1,2 


13:31:09.9 


-1:41:09 


24510 ±20 


1,2 


13:30:38.2 


-1:50:36 


25598 ± 24 


1,2 


13:31:10.4 


-1:38:03 


25880 ± 37 


1 


13:30:48.9 


-1:53:56 


27585 ± 46 


1,2 


13:31:10.8 


-1:43:49 


25019 ±41 


1,2 


13:30:41.4 


-1:41:14 


26165 ± 44 


1 


13:31:11.0 


-1:43:41 


25058 ± 26 


1,2 


13:30:42.5 


-1:51:24 


25247 ± 26 


1,2 


13:31:11.2 


-1:43:35 


25381 ± 24 


1,2 


13:30:44.4 


-1:53:19 


26408 ± 23 


1,2 


13:31:13.3 


-1:58:42 


26903 ± 38 


1 


13:30:44.5 


-1:59:29 


24809 ± 30 


1 


13:31:13.9 


-1:48:58 


25740 ± 38 


1 


13:30:45.5 


-1:48:43 


24051 ± 57 


2 


13:31:14.7 


-1:30:17 


25461 ± 37 


1 


i0.oU.4D.i 




Z04o4 it oi 






-i:oy:oo 


Z / 0o4 it 4o 


1 
i 


13:30:48.1 


-1:52:02 


26231 ± 32 


1,2 


13:31:19.3 


-1:42:19 


24339 ± 50 


2 


13:30:48.1 


-1:52:12 


25118 ±25 


1,2 


13:31:19.5 


-1:45:39 


24522 ± 27 


1,2 


13:30:48.5 


-1:37:48 


25100 ±42 


1 


13:31:22.2 


-1:43:14 


24933 ± 50 


2 


13:30:49.0 


-1:52:52 


27926 ± 50 


2 


13:31:23.1 


-2:01:37 


26731 ± 45 


1 


13:30:49.1 


-1:53:56 


27361 ± 50 


2 


13:31:23.4 


-1:43:35 


22724 ± 23 


1,2 


13:30:49.8 


-1:40:40 


24328 ± 20 


1 


13:31:23.9 


-1:53:35 


26343 ± 37 


1 


13:30:50.1 


-1:47:55 


26260 ±30 


1,2 


13:31:27.9 


-1:43:50 


25260 ±41 


2 


13:30:50.4 


-1:51:27 


26086 ± 24 


1,2 


13:31:30.0 


-1:39:25 


25259 ±24 


1,2 


13:30:50.5 


-1:51:44 


26472 ± 29 


1,2 


13:31:36.6 


-1:40:08 


24623 ± 43 


2 


13:30:50.8 


-1:51:37 


26088 ± 26 


1,2 


13:31:37.7 


-1:52:25 


26268 ± 39 


1 


13:30:53.0 


-1:37:31 


24965 ± 30 


1 


13:31:49.5 


-1:58:52 


26610 ±31 


1 


13:30:54.2 


-1:52:33 


26512 ±31 


1,2 


13:31:50.1 


-1:57:38 


27081 ± 30 


1 


13:30:55.6 


-1:55:13 


23632 ± 43 


1 


13:31:50.9 


-1:41:15 


24889 ± 35 


1 


13:30:56.3 


-1:54:08 


26873 ± 50 


2 


13:31:52.1 


-1:56:07 


26789 ± 28 


1 


13:30:56.4 


-1:42:20 


27244 ± 50 


2 


13:31:54.4 


-1:43:44 


25915 ±21 


1 


13:30:56.6 


-1:43:24 


24704 ± 23 


1,2 


13:31:56.7 


-1:49:35 


22697 ± 44 


1 


13:30:56.7 


-1:53:58 


25515 ± 29 


1,2 


13:32:15.5 


-1:43:13 


26803 ± 22 


1 



References.— (1) LCO-SHECTOGRAPH; (2)Beers et al. 1991 
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Table 5 
Abell 3395 Velocities 



a 

(J2000) 


r 


(J2000) 


V 

(km s ) 


Reference , 


a 

(J2000) 


r 


(J2000) 


V 

/I — 1 \ 
(km s ) 


Reference 




-54-2C)-48 


14470 -1- in'i 


X 


fi-27-23 7 


-54-28-23 


1 574Q -1- 70 

XO 1 4:0 -1— t VJ 


1 2 


fi-24-2fi Q 




1 CC741 _|_ 7-1 


I 


6:27:24.4 


-54-26-30 

~(J*±.ZiU.OVJ 


1 4440 + 32 

X*±*±*±VJ 1 OZi 


2 


fi-24-sn 1 


-54-07-3fi 


-LfJOtJO —1— VJiJ 


1 


6-27-26 fi 

\J.£j 1 . ZjU .VJ 


-54-25-48 

04. ZU .40 


1 50QQ -1- -^O 

xovjyy _1_ ou 


1 2 


R-OA-'XO 9 




±4:VJJ-Z _l_ Til? 


I 


6-27-26 S 


04 . X . VJ Z 


XO ( 00 —1— 4:Z 


1 4 7 

1,4:, ( 




-54:07:47 


1 4^24 + 48 

J-ThJZjt: I TiO 


I 


6-27-29 8 

V^ . Z 1 . Z; t/ . 


-54:27:19 


1 5024 + 52 

XOVJZj4 I OZi 


1 4 




-54:14:18 


i44in _|_ ini 


I 


6-27-30 5 


-54-35-48 

04:. 00. 4:0 


1 7q4q -i- oq 

X 1 C74:C' -1— Ot/ 


1 2 


fi-24-4S Q 


-'S4-14-48 


1 3808 -1- 242 


1 2 3 


6-27-36 1 

U.Zi 1 .tJVJ. X 


-54-24-05 


14^75 -L 72 

X*±VJ 1 -1— f Zi 






-54-1 0-31 


1 74(5'? _|_ on 

J- \ 4:UO —1- OVJ 


1 2 


6-27-36 3 


-54-26-58 


1 45f;2 + 30 

X40VJZ _l_ OVJ 


12 5 7 


fi-25-n4 n 


-54-22-21 

■ Zj Zj • Z< X 


1 QOQC ^ 01 

-LOOO(J —1— iJ -L 


1 2 


6-27-35 fi 

U. Z J . (J<J .VJ 


04 . 4:IJ . VJ4 


XVJ X VJVJ _l_ 1 1 


I 




-54-0Q-41 


1 7fi2^i + 1 1 f) 

J_ j IJZ <J _l_ _L _LVJ 




6-27-38 2 

U.Zi . (JO . z 


-54-25-50 


1 f54e(^ -1- 1 1 s 

XVJ40VJ —I— XXO 


I 




-54-25-01 


1 7570 + 44 

-L I tj I W —1— X X 


1 2 


6-27-39 1 


-54-22-38 

04:.^^. 00 


1 Q754 -1- Q25 

X J 04: — l_ (7Zf 


1 4 




-54:16:15 


1 7R7n 4- 276 

X 1 \J 1 VJ — 1_ Zi ( VJ 


1 2 


6-27-39 4 


-54:27:43 


1 4676 + 30 

X4:VJ 1 VJ _l_ OVJ 


1 2 




-54-21 -36 


1 4502 -1- 1 08 

J_T:rJVJZj 1 _LVJO 




6-27-40 

V^ . Z 1 . TrVJ . VJ 


-54-26-55 


1(5222 ± 34 

XVJZjZjZj I 04: 


2 


fi-2^-22 4 


-54-1 fi-54 


1 7504 -1- 57 

X \ tJVJ^ _l_ (J f 


1 4 


6-27-41 

U.Z( j .4:X .VJ 


-54-27-1 5 

04.Zj i . XO 


1 704fi -1- 71 

X J VJ4VJ _l_ f X 


1 4 5 
1,1,0 




-54:34:41 


1 5088 -1- 1 05 


1 


6:27:41.3 


-54-23-48 

04:.ij0.4:0 


i(;55Q -L 1Q1 

A-\JXJ%J%J _1_ XOX 


1 




-54:11:43 


lAoqq -1- 82 


1 4 


6-27-40 5 


-54-36-50 

Or±.OU.OVJ 


1 5676 + 47 

J.OVJ i VJ —1— 4 1 


X 


fi-2,'i-4Q 1 


-53-5Q-3fi 


X(Jt/XVJ _1_ Ot? 


1 5 


6-27-41 9 


-54-1 7-25 


1 4Q4O 4- 7a 

X4:04:Zi _I_ i O 


I 




-54-3q-53 


if:40i + 7fi 


1 


6-27-40 9 

V^ . Z 1 . TlVJ . iJ 


-54-35-34 

04: .00.04 


1 54(?5 -L 1 70 

X04VJ0 —1— X 1 VJ 


1 3 

1,0 


fi-2'i-'i1 2 


-54-1 8-22 

(J^. ±O.ZiZi 


1 (51 "34 -1- cc 


X 


6-27-42 

V^ . Zi f .^Zi . u 


-54-32-1 9 


1 5245 -1- 1 fi-? 

X0Z)4:0 —1— XVJO 


1 2 




-54-27-5n 


1 8047 -1- 91 

XOVJrtI — 1— i7X 


1 3 4 


6-27-44 3 


-54-07-1 

Ort.VJ ( . XVJ 


X^C/XZi 1 XVJO 


1 2 


fi-25-58 4 


-54:27:44 


io2f;'5 -1- Q5 

XOZVJtJ _1_ (JtJ 


2 


6:27:44.2 


-54-1 6-51 

04. X VJ . X 


1 (51 50 -L OQ 
XVJXOO — L 00 


I 




-^4-27-40 


1 01 c;o 1 1 OQ 

XOX^JO _1_ LOiJ 




6-27-43 8 


-54-24-2fi 

04 . Zj4: . ZVJ 


1 Q71 2 + 'W 

XO ( X z _i_ 00 


1 2 


fi-2fi-n8 7 


-54-22-04 

(J t: . . VJ t: 


1 4777-1- 02 

X t: ( i { _1_ t/Z; 


1 


6-27-43 7 


-54-27-1 Q 

04. Zi ( . X C* 


1 (5248 + 73 

XVJZ40 —1— 1 


1 4 5 

1,1,0 




-54-40-30 

'jT:«T:VJ«tJVJ 


1 5400 -1- 70 


1 2 fi 


6:27:44.6 


-54-26-45 

04:.^0.4:0 


1 32fi5 ± 84 

XOZjVJO —1— 04: 


1 2 5 




-54:27:24 


1 5R70 -1- 4S 

XtJVJ 1 VJ _!_ ±tJ 


1 2 


6:27:47.0 


-54-25-10 

Ot:.^0. XVJ 


1 RQOR -1- 201 

XVJOVJO — !— ^VJ X 


1 3 4 


fi-2fi-i n 4 


-54-32-2fi 

(J t: . (J ^ . Zj V^ 


1 (541 Q -L 5(5 

XVJ^XO _l_ Kj\J 


1 2 


6-27-47 fi 

VJ. Z i .4: 1 .VJ 


-54-25-28 


1 4X72 -1- 52 

X40 ( Z _l_ OZ 






-54:17:14 


1 40(^0 + 33 

X^tVVJVJ _l_ (J(J 


4 


6-27-49 1 

VJ. Z i .4:C/ . X 


-54-04-03 

04. U4:.VJO 


X 1 C/OVJ _i_ 4 X 


2 




-54-1 7-08 

O^. ± 1 . VJO 


1 5224 -1- 42 


2 


6-27-48 fi 

VJ. Z j .4:0 .U 


-^4-32-1 9 

04 . OZ . X C/ 


xovj J VJ _i_ 00 


4 


fi-2fi-12 1 


-54-23-40 


14230 -1- 106 

X^^fJVJ _l_ X\JVJ 


1 


6-27-50 9 

VJ . Zi 1 . (J\J • t/ 


-54-09-05 

04:.\Jt/.VJ0 


1 4586 ± 69 

X4:OOVJ —I— \JiJ 


1 


6:26:11.4 


-54:40:16 


1 7627 -1- 98 

X 1 VJZi 1 _l_ i/O 


1 


6:27:51.1 


-54-09-07 

04: . VJ t/ . VJ 1 


14926 + 223 

X4:tJZjVJ —1— ^^0 


1 2 




-54:24:19 


1 7728 -1- 30 

X \ \ ZO —1- OVJ 


1 2 


6-27-50 7 

VJ.Zi ( .(JU . ( 


-54-28-22 


1 55-55 -1- 55 


1 2 




-54:19:37 


1 4f;5q -i- 75 

X^VJfJtJ —1— 1 (J 




6-27-52 5 


-54-30-04 

04.0VJ.VJ4: 


i4'322 -1- "il 1 

X4:O.ZZ( _l_ OXX 


1 4 




-54:20:17 


i4qi 1 -L Qi 

Xt:(JXX I ij X 


1 2 


6-27-52 1 

VJ.Zf 1 .OZi.X 


-54-36-52 

~04:.0VJ.0.Zi 


Ififilfi + 104 

XVJVJXVJ 1 XVJ4: 


X 


6-26-1 7 


-54-32-2fi 


1 5887 -1- 81 


1 2 


6-27-54 5 

VJ.Z) 1 .U^i.tJ 


-54-31 -24 

~0r±.O J- .Zir± 


J.VJXOZ1 1 XVJVJ 


1 2 


6-26-2n 7 


-54-1 5-32 


1 454Q -1-112 

XT:tjT:(J _1_ XX^ 


1 2 3 


6-27-56 3 

VJ . Z< 1 . \J\j . 


-54-26-02 

04:.^0.VJ^ 


X0t700 —1— VJVJ 


4 


fi-2fi-24 1 


-54-20-38 

(Jt: . ZVJ . (JO 


1 4755 -1- 77 

X ^ ( rj (J —1— 1 1 


1 2 


6-27-58 5 

VJ . Z ( . (JO . 


-54-32-50 


1(514Q -L 100 

XVJX40 —1— XOO 


1 


fi-2fi-27 4 


-54-28-35 


i47q7 -L qo 

X^ 1 iJ 1 —1— t/O 


1 


6-27-59 3 

VJ.Z( 1 .(Jt/.O 


-54:29:44 


1 50Q7 -1- 1 04 

XOVJC/l _J_ XVJ4: 


1 2 


6-26-'^n 5 


-54:17:57 


1 3248 -1- 81 


1 


6-28-01 4 

VJ.ZiO«\JX.*± 


-54-35-09 

Ort.00.VJt7 
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Table 5 — Continued 
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References. (1) Tcaguc ct al. 1990 with 82 km s^i offset; (2) LCO-SHECTOGRAPH; (3) Hopp and 
Materne 1985; (4) CTIO-ARGUS with 50 km s'^ offset; (5) Materne et al. 1982; (6) West and Frandsen 
1981; (7) Vidal 1975 



Table 6 
Composite Velocity Results 



Cluster 


V 

(km s~ 




a 

(km s^"'^) 


Vr 

(km s~^) 


Abell 3528 
SE 
NW 


16346 ± 
16040 ± 
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939 ±311 



102: 



-214 



192+236 
iyz_jg2 



"^The parenthetical value excludes the two galaxies with highly 
discrepant velocities. 
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Table 7 
Mass'^Determinations 
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o -,+1.8 



^Masses are all in units of lOi"* Mq. 

^The parenthetical value excludes the t^wo galaxies -with highly discrepant velocities. 



Fig. 1. — Top left: Continuous temperature map for A3528 from ASCA GIS data with intensity contours and region identifiers overlaid. 
Bottom left: Fit temperatures with 90% confidence error bars for the regions defined on the continuous temperature map. The global cluster 
temperature is show as a dotted line. Top right: Galaxies with redshifts are overlain on the fiOS/lT intensity contours. Galaxies with velocities 
greater than the overall mean cluster velocity are shown in red and those with smaller velocities are in blue. The field-of-view for the top 
right has been expanded to include all of the galaxies listed in Table H and shown in the lower right. The outline of the top left frame is 
shown as a dashed line. Circles denoting a radius of a half Mpc are shown centered on each sub-cluster core and are color coded to match 
the sub-cluster histograms shown in the bottom right. Bottom right: Velocity histogram of the galaxies shown in the top right. Bins are 300 
km s^^ wide and the overall cluster velocity is indicated by a dashed line. 



FlG._2. — Same as for Figure |l| for Abell 1750. The field-of-view for the top right has been expanded to include all of the galaxies listed in 
Table M and shown in the lower right; the outline of the top left frame is shown as a dashed line. The half Mpc circles in the top right are 
color coded to match the velocity histograms of the sub-cluster cores shown in the bottom right. 



FlG.|^. — Same as for Figure |l| for Abell 3395. The field-of-view for the top right has been expanded to include all of the galaxies listed in 
Table and shown in the lower right; the outline of the top left frame is shown as a dashed line. The half Mpc circles in the top right are 
color coded to match the velocity histograms of the sub-cluster cores shown in the bottom right. The galaxies in the high velocity bump in 
the bottom right are shown as empty circles in the top right panel. 
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Fig. 4. — Plots of simple Newtonian energy binding conditions as a function of measured relative velocity (Vr) and projection angle from 
the plane of the sky (a) for Abell 3528 (left), 1750 (middle) and 3395 (right). The dashed lines are the limiting cases for bound systems, thus 
all orbit solutions to the right are unbound, while those to the left are bound. The measured relative velocity from our data is indicated by 
the solid vertical lines and its 68% confidence region is shown with the cross-hatching. 



This figure "figl.gif" is available in "gif" format from: 



http://arXiv.org/ps/astro-ph/0106482v3 



This figure "fig2.gif" is available in "gif" format from: 



http://arXiv.org/ps/astro-ph/0106482v3 



This figure "fig3.gif" is available in "gif" format from: 



http://arXiv.org/ps/astro-ph/0106482v3 



